In this paper, we propose a parametric solution to the partial eigenvalue assignment problem by state feedback control for non-symmetric quadratic pencil in multi-input case using orthogonality relations between eigenvectors. Our solution can be implemented with only a partial knowledge of the spectrum and the corresponding eigenvectors of non-symmetric quadratic pencil. We show that the number of eigenvalues and eigenvectors that need to remain unchanged will not be affected by feedback matrices. A numerical example is given to illustrate the proposed method.
INTRODUCTION
The matrix second-order model of the free motion of a vibrating system is a system of differential equations of the form:
, and K are respectively mass, damping, gyroscopic and stiffness matrices (Datta et al., 2000; Datta and Sarkissian, 1999) 
M M
). In special cases where D and K are also symmetric, then the system of Equation 1 is called symmetric definite system. If the gyroscopic force is not present, then the system is called non-gyroscopic (Datta and Sarkissian, 1999 
The system of Equation 3 is called the time-invariant second-order control system in multi-input case that arises naturally in a wide variety of applications (Nichols and Kautsky, 2001) 
are constants that lead to the closed-loop system:
The closed-loop matrix quadratic pencil corresponding to equation 5 is: 
This is the partial eigenvalue assignment problem in which we use the matrices 
, while leaving the other eigenvalues unchanged. Recently, Datta et al. (2000) and Datta and Sarkissian (1999) introduced the parametric solution to the partial eigenvalue assignment problem for symmetric quadratic pencil in multi-input case. Datta (1999) and Datta et al. (1997) introduced an explicit solution to the partial eigenvalue assignment problem for symmetric quadratic pencil in single input case. This solution can be implemented with only a partial knowledge of the spectrum and the corresponding eigenvectors of the damped non-gyroscopic Ramadan and El-Sayed (2010a, b) introduced an explicit solution to the partial eigenvalue assignment problem for non symmetric quadratic pencil in single input case.
In this paper, we introduce the parametric solution to the partial eigenvalue assignment problem for damped 
. It is well known (Datta et al., 1997; Laub and Arnold, 1984) that the system of equation 3 is completely controllable if and only if rank
Complete controllability is necessary and sufficient for the existence of 1 F and 2 F , such that the closed-loop pencil has a spectrum that can be assigned arbitrarily. However, if the system is only partially controllable, that is, if
of the pencil, then only those eigenvalues can be arbitrarily assigned by an appropriate choice of 1 F and 2 F .
ORTHOGONALITY RELATIONS BETWEEN THE EIGENVECTORS OF QUADRATIC PENCIL
Here, we introduce three orthogonality relations (Sarkissian, 2001; Ramadan and El-Sayed, 2010a, b) between the eigenvectors of non-symmetric definite quadratic pencil. One of these results plays a key role in our later developments (Datta et al., 1997; Datta and Sarkissian, 2001 ) as well as the well known results on the orthogonality relations between eigenvectors of symmetric definite quadratic pencil (Datta et al., 1997; Datta and Sarkissian, 2001 ) that follows as special cases.
Definition 1
A scalar
. The set of eigenvalues is called the spectrum of    P (Sarkissian, 2001) .
Definition 2
The non-zero matrices x and y are, respectively, called the right and left eigenvectors, corresponding to the eigenvalue  of the quadratic pencil
where H y is the conjugate transpose of the vector y . 
and let X and Y be, respectively the right and left eigenvector matrices.
Assume that
where 
, be written in the matrix form as follows: 
Then, 2  1  2  2  1  1  2  2  2   2  2  2  2  2  2  2  1   2  2 
The theorem is proved.
Choosing 
In order to use Theorem 2 to solve the partial eigenvalue assignment problem, we need to choose  which will
that is possible. If there is such  , then there exist an eigenvector matrix We summarize the solution in the following algorithm.
Algorithm 1
This is an algorithm for the multi-input partial eigenvalue assignment algorithm for non-symmetric quadratic pencil.
Inputs:
1) The n n  real non-symmetric constant matrices
is closed under complex conjugation.
Outputs:
The feedback matrices Step 2: Choose arbitrary vectors
NUMERICAL EXAMPLE
We choose randomly generated matrices Table 2 .
Eigenvalues of pencil:
  K C M P       2 0.1191  K C M P       2 and quadratic closed pencil     T T c BF K BF C M P
Conclusion
In this paper, we derived the parametric solution to the partial eigenvalue problem by using one of the orthogonality relations between eigenvectors for nonsymmetric quadratic pencil
. We need only a partial knowledge of the spectrum (and the associated left eigenvectors) for non-symmetric quadratic
. These eigenvalues and eigenvectors required to be reassigned.
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